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ABSTRACT
Wild blueberries are an economically important crop for Maine, and with warming
temperatures leading to increased periods of drought and increased soil moisture deficits, it is
important to find new ways to combat the effects of drought. In this study, we aimed to look at the
effect of foliar-applied glycine betaine applications on wild lowbush blueberries in both field and
greenhouse experiments. The product being tested was Bluestim, a foliar-applied product
containing >96% pure glycine betaine sold by Biobest. The product is claimed to work as an
osmoprotectant allowing the plant to maintain turgor pressure and protect enzymes and
macromolecules from oxidation when under stress. We measured the impact of this product on
water potential, chlorophyll concentration, stomatal conductance, evapotranspiration, soil
moisture, stem length, leaf buds, fruiting buds, leaf and fruit drop. This study did not find positive
effects of glycine betaine applications on wild blueberries under drought conditions, but it
provided interesting data suggesting it could work under well-watered conditions. Plants that were
treated with glycine betaine and irrigated showed higher chlorophyll concentration and
transpiration rates..
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INTRODUCTION
Wild blueberries, Vaccinium angustifolium Aiton, also known as lowbush blueberries, are
a perennial plant native to North America (Yarborough, 2015). It is a unique crop of significant
economic and cultural importance in the northeastern United States. Varieties are not bred, nor are
crops planted. Instead, they constitute a naturally occurring permaculture. The cultivation of Maine
wild blueberries originated in Washington county in the 1800s by Native Americans for whom it
was of spiritual and medicinal importance, including the Mi’kmaq and Maliseet peoples (Baumflek
et al. 2010). Before 1866 wild blueberries were sold fresh to local markets. This is until the canning
process became popularized, allowing for a wider distribution range and longer shelf life (Wood,
2004). Eventually, the canning process evolved into freezing, and now, 99% of wild blueberries
are frozen and shipped internationally (Calderwood and Yarborough, 2020). Over the years, the
Maine wild blueberry landscape has changed drastically. In 1951, 150,000 acres were in
production; by 2017, that number had decreased to 44,000 acres. This is partly due to increased
knowledge in disease and pest management, and the implementation of irrigation (Yarborough,
2018). Through the implementation of these practices, farmers are no longer required to farm as
much land to compensate for low yields and crop damage. In 1922 farmers were yielding about
400 pounds/ acre (Wood, 2004). In 2021, wild blueberry fields were yielding an average of 5,000
pounds/ acre (Lawrence, 2022). Currently, the wild blueberry industry contributes almost $23M
in crop gross sales to the Maine economy (Yeh et al. 2020); the industry (production and
processing combined) also supports $250 million of economic activity to the state and employs
~2,000 people (Planning Decisions, Inc., 2009).
Wild blueberry stems are connected underground through rhizomes. These rhizomes are
modified stems that lay near the soil surface and produce roots and new stems. These groups of
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stems and rhizomes are referred to as a clone. Clones, also known as genotypes, are genetically
different from each other and have an average size of about 20 feet (6 m) in blueberry fields, but
this number is highly variable (Yarborough, 2015). Wild blueberries are produced in a two-year
cycle. Following a harvest, blueberry plants are mowed down, sending them into a prune year.
During this time, the stems and leaves grow and set the new leaf and floral buds for the following
year. In the following year, the crop year, the floral buds open and bear fruit (Calderwood and
Yarborough, 2020). Pruning allows for new uniform, upright growth, making harvesting the crop
easier (Glass et al., 2005).
Wild blueberries are grown in sandy, acidic conditions and, when used for the purpose of
cultivation, are the only plant grown in the soil. Due to the nature of wild blueberry fields, the soil
is susceptible to erosion and can have a low water-holding capacity (Eaton, 1997). Climate change
presents a significant challenge for wild blueberry production moving forward. Predictions
indicate that growers will be challenged by too much or too little water, sometimes in the same
growing season. It is estimated that climate change will impact diseases, pests, food safety, and
crop management practices. Recent studies from the University of Maine have indicated that the
wild blueberry barrens are warming faster than the state of Maine as a whole, about 1.8 °C, since
1895, which will lead to increased evapotranspiration and water stress (Tasnim et al., 2021). In
fact, the Northeast is warming faster than any other region in the U.S. (Fernandez et al., 2020).
Warming temperatures also lead to longer periods of drought and increase soil moisture deficits
(Gu et al., 2019). Episodic agricultural droughts are also growing in frequency and severity, driven
by higher temperatures and more extended dry periods between rainfalls (Sweet et al., 2017).
Additionally, a recent study on drought effects in wild blueberries found that fields with no
irrigation have lower yields and decreased plant health over the long term. There was less
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significance when looking at short-term effects, possibly due to the perennial nature of lowbush
blueberries (Barai et al., 2021).
In order to combat increasing drought conditions, new approaches to mitigate drought
stress will be needed. Irrigation has proven to be a good option, but this form of control is
expensive and not always accessible to smaller farmers. (Dalton and Yarborough, 2004). Mulching
with wood chips has been shown to improve soil water retention during wet and dry periods (Hunt
et al., 2010), improve growth (Gumbrewicz and Calderwood, 2022), and increase yields
(Sanderson and Cutcliffe, 1991). However, mulching can be costly over larger areas and can
impede harvesting. One potential approach is glycine betaine, a naturally occurring compound
derived from glycine that is water soluble and non-toxic. This compound has been shown to
increase resistance to abiotic stresses in both exogenous applications and when introduced through
transgenes (Chen and Murata, 2008). Glycine betaine has a low molecular weight and watersoluble properties, making it a compatible solute. In the case of glycine betaine, it works as an
osmoprotectant allowing the plant to maintain turgor pressure and protect enzymes and
macromolecules from oxidation (Osman, 2015). Glycine betaine occurs naturally in some plants,
referred to as accumulators, under different abiotic stresses such as high salinity and drought
(Annunziataet et al., 2019). Vaccinium plants have not been found to be accumulators; most
accumulators fall into the Chenopodiaceae and Gramineae families (Weretilnyk, 1989). Studies
have shown that foliar applications of glycine betaine have successfully reduced the effects of
stress in both accumulating and non-accumulating plants, but it is not successful in all crops
(Escalante-Magañaet et al., 2019). In a study looking at pea plants, researchers found that
applications of glycine betaine increase leaf count and the number of pods per plant (Osman,
2015).
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Wild blueberries are economically important for Maine, and with temperatures in these
fields increasing faster than in any other region of Maine, it is important to find new ways to
combat the effects of drought (Barai et al., 2021, Tasmin et al., 2021). Other crops can be bred to
be more drought-resistant; because wild blueberries are not planted and occur naturally, we need
to find other ways to reduce the effect of drought (Walthall et al., 2012). In this study, we aimed
to look at the effect of foliar-applied glycine betaine applications on lowbush blueberries in both
field and greenhouse drought experiments. The product being tested was Bluestim, a foliar-applied
product containing >96% pure glycine betaine sold by Biobest. We measured the impact of this
product on water potential, chlorophyll concentration, stomatal conductance, evapotranspiration,
stem length, leaf buds, fruiting buds, , soil moisture, leaf and fruit drop, and weight change.
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METHODS
Year 1- Experimental design

A study was run over two years to investigate the effect of foliar-applied glycine betaine
on drought stress. For the first year, summer 2021, the study was completed at Blueberry Hill Farm
in Jonesboro, Maine. Plants in prune year were used. Field plots were laid out in a randomized
block design (Figure 1). There were 12 plots, 7ft x 10ft, with a 5ft buffer between plots. Within
these 12 plots, there were three treatments: control (no treatment), low rate, and high rate. This
trial was conducted at ambient environmental conditions, and no structures were in place to
exclude rainfall. The low rate was applied at 3047.3 g/ha, and the high rate was applied at 4035.0
g/ha. These rates were chosen based on recommendations from the company selling the product.
Three applications were made during this study. The first application was made on June 24, a
second was made on July 13, and the third was made on August 18. Glycine betaine was applied
in 35 gallons of water-mixture per acre with a CO2 -propelled, 80-inch boom sprayer (76-inch
swath) equipped with four, flat-spray, 8002VS TeeJet ® nozzles operating at 30 psi and at a slow
walking speed. The walking speed for each application was regulated using a metronome.
To assess the impact of treatments on plant physiology, we recorded chlorophyll
concentration (SPAD), stem length, and water potential every two weeks, starting on July 29 and
ending on September 13. Descriptions of how these plant physiological measurements were taken
are listed below. After leaves had dropped on November 8, leaf and fruit buds were counted to
assess potential productivity for the following crop year.
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Figure 1. Randomized block design for year 1, 7ft x 10ft plots were used with a 5ft buffer.
Year 2- Experimental design

In year 2, we conducted two greenhouse experiments at Rogers Farm in Orono, Maine.
Wild blueberry sod was collected on May 6 from Jonesboro, Maine. Forty-eight plants were cut
out of the ground about 6-10in deep and large enough in width to fit in a 2-gallon bucket. The
bottom of the buckets had holes drilled into them, and gravel was placed in the bottom below the
sod. Four genotypes were collected in order to account for different responses of genotypes to
drought and glycine betaine treatments. A randomized block design was used to create four
experimental blocks: control, control + glycine betaine, drought, and Drought + glycine betaine.
All the plants were watered three times a week until the experiment started, water was applied
6

using a standard garden hose. The dry-down experiment was initiated five weeks after the plants
were transplanted into buckets and after pollination had occurred.
For the first experiment, there were 48 plants total, 12 in every block, with three from each
genotype. Two applications of glycine betaine were completed at a rate of 57.6 oz/acre. These
applications were made on the glycine betaine and drought + glycine betaine plants; one on the
day drought was initiated, June 9, and the second two weeks after drought was initiated, June 23.
The blocks not undergoing drought were watered three times in the first week, then watered every
day for the following weeks. To assess the impact of treatments on plant physiology we recorded
chlorophyll concentration (SPAD), stomatal conductance, water potential, leaf count, fruit count,
and soil moisture (TDR). Measurements were taken weekly, and weight change was taken once in
the second week. Descriptions of how these plant physiology measurements were taken are listed
below. This trial lasted two weeks.
For the second experiment, there were 24 plants with two treatments: Drought and drought
+ glycine betaine. The plants used for this round were originally the control and glycine betaine
plants from round 1. The second round of measurements lasted three weeks. All measurements
listed above were taken weekly, with the exception of fruit count which was not assessed during
this round.
Plant physiological measurements

Chlorophyll concentration
For all chlorophyll measurements, a SPAD meter (SPAD 502 DL meter, Konica-Minolta,
Japan) was used. In year one, ten leaves per plot were randomly selected and measured. For year
two, one leaf per bucket was randomly selected and measured.
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Stem length
Stem length was measured using a standard ruler. Before the first measurement, ten stems
from every plot were randomly tagged and assigned a number. These same stems were measured
every time.

Water potential
Water potential was measured using a pressure chamber (Model 1505D; PMS Instrument
Company, Corvallis, OR USA). For year one, three random stems were collected per plot. They
were then put into ziplock bags with a damp paper towel and transported in a cooler to the pressure
chamber in Orono ME, about two hours away. Once at the lab, the end of the stems were
individually wrapped in parafilm and the end of the stem was cut. The stems were then placed in
a plastic bag in the pressure chamber. Once in the pressure chamber nitrogen was slowly released
in the chamber, increasing the pressure, until water was forced out of the end of the stem. In year
two, one stem was collected per bucket around 1 pm. They were then immediately transported to
the lab, about 15 minutes away. The rest of the procedure was the same as in year one.

Leaf and floral buds
At the end of the growing season in year one, when all the leaves had fallen, 15 stems per
plot were randomly collected. These stems were observed for both the number of floral buds
present and leaf buds present.

Leaf and fruit count
For the first round of year two, one stem was tagged per bucket. This stem was then used
to count the number of fruit and leaves per stem. For the second round in year two, all stems in the
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bucket were examined and classified as dead or living. Plants classified as dead were fully
defoliated.

Stomatal conductance
Stomatal conductance was measured using a Licor-600 (Li-Cor, Lincoln, NE, USA) as
directed in the manual. A random leaf from every bucket was measured once in the morning around
9 am to get the maximum value. Then once in the afternoon, around 1 pm, for midday values.

Soil moisture
Soil moisture was measured using a TDR 150 (Spectrum Technologies Inc., IL, USA) as
directed in the manual. The metal probes were inserted into the bucket trying to avoid the gravel
below the sod layer.

Daily evapotranspiration
A scale was used to measure the change in bucket weight over a day to estimate the
evapotranspiration. This allowed us to measure the plants transpiration over a day. Every bucket
was measured in the morning, around 8 am-9 am. Then again, later in the day, around 4 pm. These
measurements were then used to find the average evapotranspiration per bucket.
Statistical Analysis
JMP®, Version 16. SAS Institute Inc., Cary, NC, 1989–2021 was used for all statistical
analysis. All data were tested for normality and deviations from homoscedasticity using the
Shapiro- Wilk test and Levene’s test, respectively. For non-normal data, log X+1 transformations
were carried out and normality and homoscedasticity rechecked. If assumptions were met data
were analyzed using analysis of variance (ANOVA) and where appropriate post-hoc tests were
performed using a Tukey HSD test (α = 0.05). When assumptions were not met non-parametric
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tested were used, primarily the Kruskal Wallis test, with post-hoc being performed by Wilcoxon
each pair test.
RESULTS
Year 1
In the year 1 field trial, there was a significant difference in the chlorophyll concentration
of different treatments over time, (F(5,474) = 3.217, P = 0.0072) but, there was no significant
difference between treatments (F(2,474) = 2.92, P = 0.054). Plants under the high rate treatments did
have significantly higher chlorophyll concentration compared to those under the control and low
rate (Fig. 2.). Similarly, there were no significant differences in glycine betaine on the water
potential (F(2,114) = 0.03, P = 0.963) of treated stems. However, the water potential of stems in all
treatments did vary significantly over time (F(3,114) = 9.87, P = 0.002), likely due to ambient
environmental conditions (Fig. 3).

Chlorophyll Concentration (SPAD)

39
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31
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26-Aug
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13-Sep

Figure 2. Average chlorophyll concentration (SPAD) of leaves in prune year plots of wild
blueberry at no, low, or a high rate of glycine betaine in the summer of 2021.
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Figure 3. Average water potential measurements (Mpa) of stems in prune year plots of wild
blueberry at no, low, or a high rate of glycine betaine in the summer of 2021.
Looking at the impact of glycine betaine treatments on stem morphological characteristics, stem
height was significantly different between different treatments of glycine betaine (F(2,470) = 3.41,
P = 0.031), with the low rate having significantly taller stems (P <0.05, Tukey HSD) than the
high rate, however, there was no significant differences between the low rate and control or the
control and high rate (P >0.05, Tukey HSD) (Fig. 4). There was no significant difference in the
number of leaf buds among different treatments (F(2,175) = 2.04, P = 0.132) (Fig. 5) and (𝛸2 =
5.30, d.f.= 2, P = 0.070) (Fig. 6).
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Figure 4. Average length (mm) of stems in prune year plots of wild blueberry at no, low, or a
high rate of glycine betaine in the summer of 2021.

Number of Leaf Buds

25
20
15
10
5
0
Control

Low rate

High rate

Figure 5. Average number of floral buds on stems in prune year plots of wild blueberry under
control, low, or a high rate of glycine betaine treatment (measured on November 8th, 2021).
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Figure 6. Average number of leaf buds on stems in prune year plots of wild blueberries under
control, low, or a high rate of glycine betaine treatments (measured on November 8th, 2022).
Year 2

In the first greenhouse experiment in year 2, there were significant differences in chlorophyll
data taken on 16-June, one week after drought was initiated (F(3,44) = 6.9185, P = 0.006) and 23June, two weeks after drought was initiated (𝛸2 = 9.50, d.f.= 3, P = 0.0233) (Fig. 7). However, no
significant differences were observed in the second round of experiments (F(3,68) = 0.4499, P =
0.5046) (Fig. 8).
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Figure 7. Average chlorophyll concentration (SPAD) of 4 genotypes of Vaccinium angustifolium
subjected to different treatments of drought and glycine betaine. Summer 2022 round one
measurements for 16-June, one week after drought (A) and 23-June two weeks after drought (B).
The columns headed with the same letter are not significantly different (P < 0.05, Wilcoxin test)
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Figure 8. Average chlorophyll concentration (SPAD) of 4 genotypes of Vaccinium angustifolium
in crop year subjected to different treatments of drought and glycine betaine; summer 2022 round
two.
In the first greenhouse experiment, treatments of glycine betaine and drought had no significant
effect on the water potential of stems on 16-June, one week after drought (𝛸2 = 5.87, d.f.= 3, P =
0.117). However, significant differences were observed on 23-June, two weeks after drought (𝛸2
= 14.59, d.f.= 3, P = 0.002), with the drought + glycine betaine treatment having a significantly
lower water potential than all other treatments (P > 0.05, Wilcoxin test) (Fig. 9). In the second
experiment, while there was a significant difference in water potential between dates (F(2,68) =
46.752, P < 0.001), as plants became more drought stressed, there were no significant differences
between stems undergoing drought with or without glycine betaine (F(3,68) = 0.9719, P = 0.327)
(Fig. 10). In round one glycine betaine treated plants were the only plants to not drop below the
turgor loss point (TLP) for both dates. For round two drought + glycine betaine started above the
TLP but dropped below on 19-July; drought only plants remained under the TLP during the
whole round.
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Figure 9. Average water potential (MPa) of 4 genotypes of Vaccinium angustifolium in crop
year subjected to different treatments of drought and glycine betaine; summer 2022 round one.
Columns headed with the same letter are not significantly different (P < 0.05, Wilcoxon test).
The dashed blue line represents the turgor loss point for lowbush blueberries (-2.0 MPa).
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Figure 10. Average water potential measurements (MPa) of 4 genotypes of Vaccinium
angustifolium in crop year subjected to different treatments of drought and glycine betaine;
summer 2022 round two. The dashed blue line represents the turgor loss point for lowbush
blueberries (-2.0 MPa).
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Table 1. Average (± S.E.) stomatal conductance for maximum and midday stomatal conductance (gs); max gs and midday gs in stems
treated with different treatments of glycine betaine and drought in round 1 experiments. Columns with the same letter were not
significantly different from each other (P < 0.05, Wilcoxon test).
Treatment
Control
Glycine Betaine
Drought
Drought and Glycine
Betaine
Statistic

16-Jun
23-Jun
Max gs
Midday gs
Max gs
Midday gs
0.0342 ± 0.005 a 0.0262 ± 0.005 a 0.0214 ± 0.004 ab 0.0089 ± 0.002 ab
0.0485 ± 0.009 a 0.0501 ± 0.015 a 0.0339 ± 0.008 a 0.0153 ± 0.004 a
0.0222 ± 0.005 a 0.0239 ± 0.007 a 0.0052 ± 0.001 b 0.0040 ± 0.001 b
0.0354 ± 0.012 a 0.0399 ± 0.013 a 0.0085 ± 0.003 b
χ2= 4.99, d.f.= 3,
χ2= 3.94, d.f.= 3,
χ2= 18.75, d.f.= 3,
P = 0.172
P = 0.2679
P = 0.0003

0.0083 ± 0.004 ab
χ2= 9.40, d.f.= 3,
P = 0.024

Table 2. Average (± S.E.) stomatal conductance for maximum and midday stomatal conductance (gs); max gs and midday gs in stems
treated with different treatments of glycine betaine and drought in round 2 experiments.
19-Jul
Treatment
Control
Glycine Betaine
Drought
Drought and Glycine
Betaine
Statistic

Max gs
0.1231
0.1348

26-Jul
Midday gs
-

Max gs
-

Midday gs
-

± 0.023 0.0726 ± 0.018 0.0038 ± 0.006 0.0051 ± 0.005
± 0.027 0.0722 ± 0.023 0.0236 ± 0.013 0.0159 ± 0.007
N.S
N.S
N.S
N.S
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Soil volumetric water content measurements were also conducted to determine if there was an
impact of treatments on soil moisture and, thus, the uptake of water by plants. In the first
experiment, there was a significant difference in soil moisture (𝛸2 = 9.73, d.f.= 3, P = 0.020), with
plants treated with glycine betaine having significantly higher soil volumetric water content than
the drought and drought + glycine betaine treatment. However, it was not significantly different
from the control treatment (P < 0.05, Wilcoxon test) (Fig. 11). In the round two experiment, soil
volumetric water content decreased significantly over time (F(1,88) = 26.20, P < 0.001). However,

Soil Volumetric Water Content
(%)

there was no impact of treatment on soil moisture (F(2,88) = 0.84, P = 0.3602) (Fig. 12).
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Figure 11. Average soil volumetric water content (%) of 4 genotypes of Vaccinium
angustifolium in crop year subjected to different treatments of drought and glycine betaine;
summer 2022 round one measurements for 23-June, two weeks after treatment. Columns headed
with the same letter are not significantly different (P < 0.05, Wilcoxon test).
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Figure 12. Average soil volumetric water content (%) of 4 genotypes of Vaccinium
angustifolium in crop year subjected to different treatments of drought and glycine betaine;
summer 2022 round two.

Looking at the daily evapotranspiration (change in weight ), there were significant differences
(𝛸2 = 31.15, d.f.= 3, P < 0.001) among treatments in the first experiment, where the glycine
betaine only plants had a significantly (P < 0.05, Wilcoxon test) higher transpiration rate than
any other treatment (Fig. 13). In the second experiment, there was a significant reduction in
transpiration rate over time as plants became drought stressed (𝛸2 = 4.24, d.f.= 2, P = 0.039).
However, there was no significant difference in transpiration between treatments (𝛸2 = 0.004,
d.f.= 1, P = 0.945) (Fig. 14).
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Figure 13. Average evapotranspiration (kg) of 4 genotypes of Vaccinium angustifolium in crop
year subjected to different treatments of drought and glycine betaine; summer 2022 round one
measurements for 23-June, two weeks after drought was initiated.
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Figure 14. Average evapotranspiration (kg) of 4 genotypes of Vaccinium angustifolium in crop
year subjected to different treatments of drought and glycine betaine; summer 2022 round two.

Looking at the impact of glycine betaine treatments on stem morphological characteristics, in the
first experiment, the number of leaves, and the number of fruit were assessed. Finally, in the second
experiment, the mortality/number of defoliated stems was tracked. In the first experiment, the
20

number of leaves was significantly different over time (F(2,132) = 11.65, P = 0.0008) and treatment
(F(3,132) = 11.65, P = 0.0011) (Fig. 15). Overall, stems of buckets treated with glycine betaine had
the highest mean number of leaves, which was significantly higher than stems that were drought
treated; no significant differences were observed between the glycine betaine, control, and drought
treatments (Tukey HSD, 𝛼 = 0.05) (Table 2). Similarly, there was a significant difference over
time (F(2,132) = 17.02, P < 0.0001) and treatment (F(3,132) = 9.31, P < 0.0001) in the number of fruit
(Fig. 16). Overall, stems of buckets treated with glycine betaine had the highest mean number of
mature blue fruit, which was significantly higher than control stems. No significant differences
were observed between the glycine betaine, drought and drought +glycine betaine treated stems
(Tukey HSD, 𝛼 = 0.05) (Table 2).
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Figure 15. Average number of leaves of 4 genotypes of Vaccinium angustifolium in crop year
subjected to different treatments of drought and glycine betaine; summer 2022 round one.

21

Control
Glycine betaine
Drought
Drought + glycine betaine

35

Number of Fruit

30
25
20
15
10
5
0
10-Jun

16-Jun

23-Jun

Figure 16. Average number of fruit for 4 genotypes of Vaccinium angustifolium in crop year
subjected to different treatments of drought and glycine betaine; summer 2022 round one.

Table 3. Least square mean values for the number of leaves and fruit on stems treated with
different treatments of glycine betaine and drought. Rows within columns with the same letter
indicate no significant difference (Tukey HSD, 𝞪 = 0.05)

In the second experiment, the percent of defoliated stems was quantified, there was some
background defoliation in buckets, but this was not significantly different across treatments.
Once the drought treatment was initiated, the percent defoliated stems increased significantly
over time (F(3,88) = 52.266, P < 0.0001), however, there was no significant difference in
treatments (F(1,88) = 0.6733, P = 0.4140). (Fig. 17)
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Figure 17. Average defoliated stems (%) of 4 genotypes of Vaccinium angustifolium in crop
year subjected to different treatments of drought and glycine betaine; summer 2022 round two.
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DISCUSSION
Results from both year one and year two did not indicate any concrete conclusions on the
effect of glycine betaine treatments on drought stress in wild blueberries. Year one had
significance differences between certain measurements, but factors such as genotypic
differences, that were not controlled for could explain this. In the first experiment of year two
data suggests that glycine betaine could have negative impacts on drought stress but, could
increase productivity in the plants when irrigated. Year two also indicted that glycine betaine
applications don’t have long term impacts during the growing season, where experiment two
didn’t show many significant differences between treatments.
In the year one study we were testing different rates of glycine betaine applications on
wild blueberry growth in the vegetative year. This study found that the low rate treatment, on
average, had significantly taller stems than the other two treatments, high rate and control. One
explanation for this could be the lack of genotype control for this field experiment. It has been
found that genotype can play a significant role in structural diversity between plants (Barai et al.,
2022). This could also explain why we found that the high rate had significantly more
chlorophyll concentration over time, starting with less chlorophyll than the other two treatments
and increasing over time. Whereas for the other two treatments’ chlorophyll concentration
decreased over time.
In year one we did not control for drought or for genotype, so the measurements taken
have the potential for high variation between plots, making it hard to determine which
differences were due to genotypic differences and which were due to the glycine betaine
applications. For this experiment, we did not simulate drought conditions and over the course of
the experiment Jonesboro, ME received regular rain showers creating inadequate drought
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conditions. Throughout the trial months, June- September, the field received an average of 95mm
of rainfall per month. This left us unable to determine the impact of different application rates of
glycine betaine on plant drought response.
Overall, the year two study did find some significant effects of treatments, but glycine
betaine applications did not significantly increase the productivity of wild blueberries under
drought conditions. In most cases, it performed worse than other treatments. The glycine betaine
applications not under drought conditions, however, did seem to perform the best out of all the
treatments; but there was variation between these findings. The first round of measurements also
seemed to have more variation between treatments than the second round, this could be in part
due to the timing of applications. The last application was applied on June 23, almost three
weeks before the second round started. This was to understand how long the product would stay
productive in the plants.
We did not control for temperature in the year two experiments, which could explain why
the trail ended after only two weeks of drought conditions in round one and three weeks in round
two. Between June 23 and June 26 there were extended periods where the temperatures in the
green house spiked to 33-36 oC, the sky was also clear during these days exposing the plants to
direct sunlight. After this point we saw drastic plant death in the drought treated plants, and
damage in the control and glycine betaine treated plants. This heat wave not only impacted the
round one trial, but also could have impacted measurements in round two due to damage from
round one. Measurements like SPAD can be affected by temperature, so it is hard to know if the
results from those measurements were due solely to the treatments or if they were impacted by
the temperature (Barutçular et al., 2016).
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Variations in soil moisture measurements could also be due to external factors, which
could explain some of the differences seen in the data. One external factor could be our watering
system. The amount of water each plant received was not precise, plants were watered using a
hose, making it challenging to water every plant with the same amount of water. Some
measurements could have been impacted by the gravel substrate used below the blueberry sod. In
some buckets, the sod was not as deep as the TDR prongs, so the soil moisture measurements
were taken for both the sod and gravel in the buckets. This could be an issue because different
substrates can get different measurements using a TDR machine (Maroufpoor et al., 2009).
One interesting finding from this study was the increased productivity of the glycine
betaine treated plants undergoing regular irrigation. Water potential measurements in round one
year two indicated that glycine betaine treated plants were the only treatment that did not drop
below the turgor loss point (TLP). TLP represents the point at which a plant becomes unable to
maintain turgor pressure in the cells, resulting in a loss of productivity and after continuous
exposure below this point plant death. It has been found that the TLP for wild blueberries is -2.0
MPa, after this point the plant starts to show sharp declines in water potential, stomatal
conductance, photosynthesis, and transpiration (Pahadi, 2021). In multiple cases, these plants
significantly outperformed all other treatments. This could be because of the increased use of
water for this treatment. Increased transpiration could facilitate water and nutrient uptake from
the soils. One study on grain plants found that glycine betaine applications increased relative
water content and overall membrane stability, increasing gas exchange rates under low irrigation
(Escalante-Magan ̃a et al., 2019). This could explain why glycine betaine treated plants had
higher transpiration rates. This increase in water uptake and gas exchange rates could also be
why the water potential for drought + glycine betaine was so low on June 23 (two weeks after
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drought was initiated); if the plant had been maintaining its turgor pressure and stomatal
conductivity longer than the drought only plants, then that could explain why the drop in water
potential was so severe at the end of the trial. Future studies should be done looking at whether
glycine betaine could work as a fertilizer under normal irrigation, because it seems to have the
potential to increase water up-take which could increase the productivity of the plant.
Though this study did not find glycine betaine applications to work well under drought
conditions, it provided interesting data suggesting it could work well under well-watered
conditions. This study did not match the results of other studies that found glycine betaine
worked at alleviating abiotic stresses like drought. The difference between these studies, though,
is that the plants used in other studies did not fall under the Vaccinium genus (Chen and Murata,
2008, Giri, 2011). Another reason glycine betaine might not have worked as well under drought
conditions for Vaccinium angustifolium is that it is not a natural accumulator of glycine betaine;
it may have different physiological structures to combat drought that are not compatible with
glycine betaine. Glycine betaine did, however, perform significantly better in multiple
measurements like chlorophyll concentration and transpiration rates, when irrigated compared to
other treatments. This could be due to the enhanced capacity to maintain turgor pressure seen in
previous studies. For wild blueberry plants with conservative water use and using stomatal
closure to save water during drought, lowering down turgor loss point and keeping plants
transpiring could cause damage to plants. Further studies should be done examining the impact
of glycine betaine applications on wild blueberry growth and yield under well-watered
conditions. A field study completed over multiple years comparing applications in both irrigated
and non-irrigated fields should be done. This would allow for the plants to react to the product in
their natural growing conditions rather than breaking up the clone to conduct a trial in a
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greenhouse. It would also be important to understand how this product works at different
application rates and how it affects different genotypes. My year one study indicated that there
were differences between application rates, so understanding the optimal application rate would
be of value to the grower. It would also be beneficial to account for genotypic differences to
know if this product would work well for a majority of the field. This study provided information
suggesting that glycine betaine applications do not help wild blueberries during drought but
could have other potential benefits. This study, along with future studies, could improve the
marketing of the product, and better inform growers of the potential use of the product.
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